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© Cationlc eiectrodepositable resin compositions containing polyurethane resin dispersions. 

@ Cathodic eiectrodepositable resin compositions and 
aqueous electrodeposition coating baths comprising these 
resins are disclosed. The resin compositions comprise a 
cationic amine epoxy resin adducts and a catronic polyurethane 
resin adduct dispersion. The resin compositions when com- 
bined with a cross-linking agent and cathodically electrode- 
posited produce films which cure to durable, flexible, smooth 
corrosion-resistant, impact and chip-resistant films. 
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Description 

Catlonic Electrodepositable Reslh Compositions Containing Polyurethane Resin Dispersions 



Technical Field 

5 The field of art to which this invention pertains is electrodepositable resin compositions, and, more 
specifically epoxy resin compositions and urethane resin compositions for use in cathodic electrodeposition 
coating processes. 

Background Art 

10 The electrodeposition of aqueous cationic resin compositions onto conductive substrates is well known in 
the art. It is standard operating practice among American automobile manufacturers to coat automobile 
frames and sheet metal with an anti-corrosive, electrodeposited cathodic resin composition which is cured to 
a hard, durable protective coating. 

In a typical electrodeposition process an aqueous bath is prepared from a principal emulsion and a pigment 
15 paste. The principal emulsion typically comprises an aqueous epoxy-amine resin adduct which has been salted 
with an acid to solubilize the adduct and mixed with a cross-linking agent. Typical cross-linking agents include 
the blocked poiyisocyanates. The pigment paste typically comprises a mixture of an epoxy-amine adduct 
which has been salted with an acid and a pigment which are ground together to form a pigment paste. The 
pigment paste is mixed with the principal emulsion and distilled water at the coating site to form an aqueous 
20 coating bath having the desired solids concentration, The aqueous coating bath Is typically contained within an 
insulated tank having sufficient capacity to completely immerse any objects that will be coated therein. The 
tank contains an anode which is connected to a DC circuit. Additives conventional in the art may be added to 
the bath to improve coating characteristics. 

An article which is to be coated typically comprises an electrically conductive material. The article is 
25 connected to a direct current circuit to act as a cathode. When the object is immersed in the coating bath 
contained in the coating tank, a flow of direct current electricity across the object causes the principal 
emulsion and pigment paste to be deposited on the surfaces of the coated article. The. article is typically 
removed from the bath when the desired thickness of film has been deposited, then the article is optionally 
washed with distilled water. The article and deposited film are then typically moved to an oven where the film is 
30 cured to a smooth, hard, durable cross-linked coating. 

Cathodic electrodepositable amine-epoxy resin adduct compositions, methods of manufacturing these 
cathodic electrodepositable resin compositions, aqueous cationic electrodeposition baths and processes for 
the deposition of these resins from a coating bath onto a conductive object are disclosed in U.S. Patent 
Nos. 3,984,299, 3,468,779, 4,116,900, 4,093,594, 4,137,140, 4,104,147, 4,225,478, 4,419,467, and 4,432,850. 
35 4,575,523, and 4.575,524. 

Cathodic electrodepositable resin coatings provide a metal substrate with a superior corrosion-resistant 
primer coating. It is known that cationic resin compositions provide superior protection to a steel substrate 
than anodic resin compositions. In the automotive Industry, these coatings are typically overcoated with a 
multi-layer coating such as a colored base coat and a clear top coat. 
40 Although the electrodepositable cationic epoxy-amine resin adduct compositions are known to provide 
durable, smooth, corrosion resistant, hard films, it is also known that the hardness of epoxy-amine resin 
adduct films has several disadvantages. One disadvantage is that sudden impacts, wherein the underlying 
substrate is deformed, tend to cause the cured electrodeposited film along with any top coats to break away 
from the substrate. This is undesirable since many coated objects are subjected during the course of their 
45 typical usage to situations wherein sudden impacts with another object having sufficient momentum and/or 
mass result in dents in the coated object. The lifting of the coating from the dented portion of the coated 
object is undesirable since it is not always possible to immediately repair the damaged section of the coating 
and the underlying substrate is consequently subjected to corrosion for extended periods of time. In addition, 
automobile bodies are constantly exposed to high velocity flying debris such as stones, pebbles, etc. The 
50 collisions of the pebbles and debris with the coated substrate, depending on the mass, size and shape of the 
pebbles and the angle of impact, and the velocity typically causes paint to chip away at the point of impact 
between the pebble or stone and the coated automotive body, thereby exposing the underlying substrate. 

Film forming compositions comprising polyurethane resin dispersions are known but these compositions 
produce cured films which are too soft for use as a primer and the films do not have the corrosion resistance 
55 required for a primer coating. In addition, these compositions are known to be available only for anodic 
electrodeposition. 

Therefore what is needed in this art is a cationic electrodepositable resin composition which produces 
coatings having improved flexibility, improved impact-resistance and resistance to chipping along with 
smoothness, anti-corrosivity, and durability. 

60 

Disclosure of Invention 

Novel cathodic electrodepositable resin compositions comprising an amine-epoxy resin adduct in 
admixture with a urethane resin adduct are disclosed. The composition when mixed with a cross-linking agent 



2 



05/14/2000 12:13:07 Seae -2- 



0 262 069 



and salted is curable after deposition to a durable, flexible, impact-resistant and chip-resistant film. 

Another aspect of this invention is a coated article coated with an electrodeposrtab e cationic coating 
composition, wherein the coating composition comprises an amine-epoxy resin adduct a urethane resin 
adduct. and a cross-linking agent. The coated article, comprising a conducive substrate .s P^ed I by 
initially connecting the article to a DC electric circuit to act as a cathode, next the art.de Is immersed in a 5 
cathodic electrodeposition aqueous coating bath containing the acid salted resin composition and a^ode^ 
Then a sufficient amount of electrical power is passed across the article for a sufficient amount of time , to 
□reduce a film of the composition on the article. The article is then removed from the coating bath and the film 
Ts cured ThVcured film thereby produced is durable, smooth, flexible, impact-resistant and ch.p-reslstant. 

Another aspect of this invention is an aqueous cathodic electrodeposition coating bath comprising an 10 
acid-solubilized amine-epoxy resin, an acid solubilized urethane resin and a cross-Hntangj agent The 
amine-eooxv resin adduct. the urethane resin adduct and the cross-linking agent when deposited on a 
c^Xc^ubstrate in a cathodic electrodeposition process produce a film which cures to a durable, hard, 
flexible, impact-resistant and chip-resistant coating. u m 

Yet another aspect of the present invention is a method of depositing by cathodic electrodeposttion a salted is 
cationic resin composition in admixture with a salted urethane resin composition and 

a conductive article by forming, an aqueous coating bath with the salted resin composition Then, the articles 
Lnnected to a DC electrical circuit so that the article serves as a cathode, the article is immersed ,n the 
coating bath and sufficient electrical power is passed through the article so that a «at.ng of the resin 
compositions and the cross-linking agent is deposited on the article. The article is removed fron the bath and 
the coating is cured. The resin composition comprises an amine-epoxy resin adduct ^d a urethane resin. ^The 
cured films produced by this method are characterized as smooth, hard, durable, flexible, impact-resistant. 

^Thrforegoinrand other features and advantages of the present invention will become more apparent from 
the following description. 

Best Mode For Carrying Out The Invention t 

The polyurethane resin adducts used in the practice of the present invention are referred to as polyurethane 
dispersions since the polyurethane resin adducts are dispersible in water as a polymer «*£ 

The polyurethane dispersions are formed by the reaction, in an organic solvent, o (A) d'^ocyanates^ B) a 
mixture of polyols. and (C) suitable precursors that can be converted to a cat.on.c salt by adding a neutralizing 

"^^^LponmtB (A) which are useful according to this invention include those conventionally 
used in preparing polyurethane resins and include, for instance, toluene d.isocyanates. such as the 2.4 and 2 6 
isomers and tneir mixtures. 1.5 naphthylene diisocyanate. p-phenylene d.isocyanate. 3.3'-d.methyl. 
4 4'-diphenyl methane diisocyanate. and 4.4'-diphenylmethane diisocyanate 

Preferred diisocyanates are of the aliphatic type since it has been found that these provide -better co lor 
stability in the finished coating. Examples include isophorone diisocyanate, 1 .6-hexamethylene diisocyanate. 
memylcycloheSene diisocyanate. and bis(4-isocyanatocyc!ohexyl) methane. Mixtures of d.isocyantes can 

alS T°he poToMBKan be either low or high molecular weight materials and preferably include a mixture of the 
two and in general, will have average hydroxy! values as determined by ASTM designation E-222-67. Method 
B between about 1000 and 10, and preferably between about 500 and 50. • 

The polyols include low molecular weight polyols. The low molecular weight d.ols useful in the nstam 
invention are known in the art. They have hydroxy values of 200 or above, usually within the range of 1500 to 
200. Such materials include aliphatic polyols. particularly alkylene polyols con^nmg from ^ 2 to 18 
carbon-atoms. Examples include ethylene glycol. 1 ,4-butanediol. 1 ,5-pentanediol.neopentyl glycol. 1.6-hexa- 
nediol and cycloaliphatic polyols such as 1.4-cyclohexanediol and 1.4-cyclohexane dimethanoi. 

For th Enhancement of flexibility and elastomeric properties, the polyurethane dispersion should preferably 
contain at least a portion of higher molecular weight polymeric polyol. Such polymeric polyols should be 
predominantly linear (that is. absence of Afunctional or higher functionality ingredien ts) 0 ^void geU.ng of the 
resultant polymeric product, and should have a hydroxy value of 200 or less, preferably within the range of 

15 Th^ most suitable polymeric polyols include polyalkylene ether polyols. polyester polyols Including 
polyhydroxy polyester amides and hydroxyl-containing polycaprolactones. ,„.,„,„,„„ «.„,,.*, .r»i 

Any suitable polyalkylene ether polyol may be used including those which have the following structural 
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where the substituent R is hydrogen or lower alkyl Including mixed substrtuents. and n is typically from 2 to 6. 
and m is from 2 to 100 or even higher. Included are poly(oxytetramethylene) glycols, poty(oxyethyiene) glycols, 
and polypropylene glycols. 

Polyester polyols can also be used as a polymeric pojyol component in the practice of the invention. These 
can be prepared by the polyesterification of organic polycarboxync acids or anhydrides thereof with organic 
potyols and are typical of those used in the art, e.g. U.S. Patent No. 4,423,179, the disclosure of which is 
incorporated reference. 

Besides polyester polyols formed from polybasic acids and polyols, polycaproiactone-type polyesters can 
also be employed. These materials are formed from the reaction of a cyclic lactone such as 
epsilon-caprolactone with a polyol or a hydroxy acid. 

The higher molecular weight polymeric poiyol component is preferably combined with low molecular weight 
polyol described above. It has been found that by blending high and low molecular weight polyols, optimum 
properties can be obtained in the resultant polyurethane dispersion. Preferably, the polymeric polyol is the 
major component, being present in an amount of about 25 to 95 percent by weight based on total weight of the 
polyol used to prepare the polyurethane dispersion, the remainder being low molecular weight polyol. 

Suitable materials (c) for introducing cationic groups In the polyurethane dispersion to form amine resin 
adducts are compounds which contain at least one active hydrogen capable of reaction with isocyanate 
groups, and at least one group capable of cationic salt formation. 

Examples of materials which can be used are compounds which have acid neutralized primary or secondary 
amino groups or basic tertiary amino groups. 

Specific examples of compounds which have active hydrogens and basic tertiary ammo groups are 
aliphthatic, cycloaliphatic, aromatic, and heterocyclic amino alcohols, diois, and triols. Examples include 
N.N-dimethylethanol amine, N-hydroxyethylpiperidine. N-methyidiethanolamine, and cyclohexyl diethano- 
lamine. 

The solvent used to prepare the polyurethane prepolymer may consist, for example, of either Acetone, 
2-butanone. 2-heptanone, etc., and is used in an amount to give sufficiently low viscosities to enable adequate 
mixing of reagents. For use in electro-depositable resin compositions, the organic solvent is removed, after 
product neutralization or quarternization and dilution with water, by azeotropic distillation. The final product 
consists of a stable cationic polyurethane dispersion of colloidalty-sized particles in water. 

The polyurethane resin adduct compositions of the present invention are made by processes conventional 
in the art such as initially charging to a suitable reactor vessel, having a mixing means, and a temperature 
control means sufficient quantities of organic solvent, diisocyanates, polyols, and suitable cationic salt 
precursors and holding the reactants for a sufficient amount of time at a sufficient temperature to form a 
polyurethane resin adduct dispersion. Typically about 5.0 parts to about 30.0 parts of organic solvent is 
charged, more typically about 10.0 parts to about 15.0 parts and preferably about 12.0 parts. Typically about 
10.0 parts to about 40.0 parts of polyol is charged, more typically about 15.0 parts to about 30.0 parts and 
preferably about 20.0 parts. Typically about 0.5 parts to about 20.0 parts of cationic precursor is added, more 
typically about 1 .0 parts to about 10.0 parts, preferably about 3.0 parts. Typically about 5 parts to about 30 parts 
of polyisocyanate is charged, more typically about 10 parts to about 15 parts, and preferably about 12 parts. 
The reactants are heated typically at about 35° C to about 110°C. more typically 50° C to about 100°C, 
preferably 85° C for typically about 1 hour to about 10 hours, more typically about 3 hours to about 6 hours, 
preferably about 4 hours. The heating is done in a dry inert atmosphere. 

The polyurethane resin adduct is solubilized by adding to the resulting reaction products typically about 0.5 
parts to about 10.0 parts of neutralizing agent such as an acid, more typically about 1 .0 parts to about 5.0 parts 
and preferably about 1.5 parts. 

The aqueous polyurethane resin adduct dispersions of the present invention will typically comprise about 
20.0 wt. o/o to about 50.0 wt. % polyurethane resin adduct, more typically about 30.0 wt. o/o to about 40.0 wt. o/o 
and preferably about 35.0 wt. o/o. 

The pH of the dispersion is typically about 4.0 to about 7.0. more typically about 5.0 to about 6.0, and 
preferably about 5.5. The viscosity of the polyurethane resin adduct dispersions of the present invention will 
typically be about 0.5 poise to about 30.0 poise, more typically about 1 .0 poise to about 20 poise and preferably 
about 2.0 poise. 

The organic polyisocyanates used in the practice of this invention for incorporation into a cationic 
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electrodepositable resin are typical of those used in art. e.g.. U.S. Patent No. 4.182.831 . the disclosure of which 

fe S^edVolytsocy^nates are those which are stable in the dispersion systems at ordinary room 
temperature Tend which relet with the resinous product of this Invention at elevated ^eratur«. 

in the oreoaration of the blocked organic polyisocyanates, any suitable organic polyisocyanate can be used. 
rSS" « ne al, P hatic <=° m P° unds such as trimethylene. tetramethylene pen amethy.ene. 
hfvamathvTene 1 .2-Droovlene 1.2-butylene. and 1.3-butylene dlisocyanates; 3-lsocyanatomethyl-3.5.5-tn- 
SSKilSS compounds such es m-phenylene. p-phenylene. 4.4'-dipheny.. and 

TSSCSSSK th. Mho.^ such as triphenyl -"-^- 4 ' 4 ^«7^: 
tr'^ocvanate and 2 4 6-toluene triisocyanate; and the tetraisocyanates such as 4.4'-dipheny -d.methyl 
TsMeiraisocyanate; the polymerized polyisocyanates such as toluene d.isocyanate d.mers and 

^SrtSSTt^^nlc^Mcnranate can be a prepolymer derived from a polyol such as glycols, e g 
ethylene Sco. and p?opyiene glycol as well as other polyols such as glycerol, trimethylolpropane hexanetnol 
and the Hke as well a monoethers, such as Methylene glycol, tripropylene glycol and the like 
^ToZStes i e J££ orfde condensates of the above. Among the alkylene oxides that may be 
c^ndens y ed wS; these pXU to form polyethers are ethylene oxide, propylene oxide, butytene ox.de serene 
w« "nH tZ like ^ These are generally called hydroxyl-terminated polyethers and can be linear or branched. 
IsSbcS ^KCBs ^ those derived from reacting polyols such as ethylene glycol, Methylene 
Especiai y uset^ po yetMBi * » 3-butylene glycol. 1 ,6-hexanediol, and their mixtures; glycerol. 

Shv.^ p^ntaerythritol. dlpentaerythrttol. tnpentaerythrttoi. 

SnC^ S ^hyl giucosldes. sucrose and the like with alkylene oxides such as ethylene 

^S^^^s^^eaclion product of toluene dl.socyanate and trimethyio. 
^0,0^^^^ tZEtt&S?X^ PCVsocyanate adducts are those 



suitable aliphatic cycloaliphatic. aromatic, alkyl monoalcohol and phenolic compound can be used as a 
blocking Snttn thTpTacLe of the present invention, such as lower aliphatic alcohols, such as methyl ethyl 
cWoroethyl 1 propyl butyl, amyl, hexyl heptyl. octyl. nonyl. 3.3.5-trimethylhexano I decyl and lauryl alcohols and 
fhl Hke L aromatic^lkyl alcohols, such as phenylcarbinol. ethylene glycol monoethyl ether monobutyl 
ethe monoVop^ e^he r^d the like; the phenolic compounds such as phenol itself, su bst.tutec ^Phenols in 
which mr S ubstituents do not adversely affect the coating operations. Examples Include cresol. nitrophenol. 

'"T^L'^S'^i monopropy. ether of ethylene g*col. AddKiona! blocking agents include 
tertiary nvdroxy^ amines, such as diethylethanolamine and oximes. such as methylethyl ketoxime. acetone 
^m^and TcvXhexanone oxime. and caprolactam. A preferred oxlme Is methyl-n-amyt ketoxime. 

The bTocted <°'™ d b * reactin 9 suffiCient ° f block,n 9 a f nt 

nulntitfes of ^ro^ic Ssocyanate at a sufficient temperature for a sufficient amount of time under react.cn 
cond tons conveXnXthis art such that no free isocyanate groups are present when the reaction , has .run 
ftl course TyS about one mole of polyisocyanate is charged into a conventional reactor vessel. Typ cally 
about one ™ to about five moles of blocking agent is added, more typically about two moles to abou five 
moles preterabirabout Iwo moles to about four moles. In addition one or more of the foHowmg . ^posrt,ons 
^chfraed- methyl isobutyl ketone, methyl ethyl ketone, toluol, or an equivalent aprotic organic solvent 

The ?ea 0 ron temperature varies with the type of polyisocyanate used, for example ; *hen reacting to^ene 
disocvanate-trimethanol propane with a ketoxime. the reaction is typically carried out at about 150 i F to about 
^TmoreCu^tyabout 160'F to about 210°F. and preferably about 180°F to about 200»F. The reactor 
SargeTs mixed forabout 15 minutes to about 120 minutes, more typically about 20 minutes to about 40 
minutes and Dreferablv about 25 minutes to about 35 minutes. 

The "cattodic etec^rodepositable coating compositions of this invention comprise epoxy resins which may 
opSSTS f chtin-eXded resulting in an Increase in the molecular weight of the epoxy molecules by 
reactina with water miscible or water soluble polyols. 

The epoxides useful in the practice of this invention are the polyepoxides typically used in this art and 
comprise a resinous material containing at least one epoxy group per molecule^ 

A particularly useful class of polyepoxides are the glycidyl polyethers of polyhydrlc phenols. 

LchTolyepoxiae resins are dervived from an epihalohydrln and a dihydric phenol and have an epox de 
eoSnt weight of about 400 to about 4.000. Examples of epihalohydnns are ep.chlorohydr.n 
eorbromohydrin and epiiodohydrin with epichlorohydrin being preferred. Dihydric phenols are exemplified by 
re^orc^oXydroquinone. p p'-dihydroxydiphenylpropane (or Bisphenol A as it is <=° m ™ n * f^led) 
D TXdroSb3phenone p.p' Jhydroxydiphenyl. p.p'KJihydroxydiphenyt ethane^bis < 2 -hydroxynaphthy) 
methane S^nydraxynaphthylene and the like with Bisphenol A being preferred. These polyepoxu le re s ns 
Tre weTknown in the art and are made in desired molecular weights by reacting the eplhalohydnn and the 
d hvdri" pterrt in various ratios or by reacting a dihydric phenol in various ratios or by reacting a d.hydnc 
D^enoi^th atovJe macular weight polyepoxide resin. Particularly preferred polyepoxide resins are gfycldyl 
Sfyethet of She™. A having epoxide' equivalent weights of about 450 to about 2.000 more typically about 
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800 to about 1,600 and preferably about 800 to about 1,500. 

The polyepoxides used in the practice of this Invention will have a relatively high molecular weight that is 
the more typically about 1,600 to about 3,200, and preferably about 1,600 to about 2,800. 

Another quite useful class of polyepoxides are produced similarly from novolak resins or similar polyphenol 
5 resins. 

Also suitable are the polyepoxides comprising similar polyglycidyl ethers of polyhydric alcohols which may 
be denved from such polyhydric alcohols as ethylene glycol, diethylene glycol, Methylene glycol, 1 ,2-propylene 
glycol, 1,4-propylene glycol, 1,5-pentanediol, 1,2,6-hexanetriol. glycerol, bis (4-hydroxycyclohexyi) 2.2-pro- 
pane and the like. There can also be used polyglycidyl esters of polycarboxylic acids, which are produced by 
10 the reaction of epichlorohydrin or similar epoxy compounds with an aliphatic or aromatic polycarboxylic acid 
terephthalic acid. 2,6-naphthalene dicarboxylic acid, dimerized iinolenic acid and the like. Examples are 
glycidyl adipate and glycidyl phthalate. Also useful are polyepoxides derived from the epoxidation of an 
olefinically unsaturated alicyclic compound. Included are diepoxides comprising in part one or more 
monoepoxides. These polyepoxides are nonphenolic and are obtained by the epoxidation of alicyclic olefins. 
15 For example, by oxygen and selected method catalysts, by perbenzoic acids, by acetaldehyde 
monoperacetate, or by peracetic acid. Among such polyepoxides are the epoxy alicyclic ethers and esters 
which are well known in the art. 

Other epoxy-containing compounds and resins Include nitrogenous diepoxides such as disclosed in U S 
Patent No. 3,365,471; epoxy resins from 1,1-methylene bis (5-substituted hydantoin), U.S Patent 
No. 3,391,097; bis-imlde containing diepoxides, U.S. Patent No. 3,450,711; epoxylated ammomethyldiphenyl 
oxides, U.S. Patent No. 3,312,664; heterocyclic N.N'-dlglycidyl compounds, U.S. Patent No. 3,503 979' amino 
epoxy phosphonates, British Patent No. 1,172,916; 1,3,5-triglycidyl Isocyanurates, as well as other 
epoxy-containing materials known in the art. 

Although any conventional amine-epoxy resins adducts known in the cathodic electrodepositlon art can be 
used In the practice of the present invention, it is preferable to use modified epoxy resins. Specifically the 
modified epoxy resins used in the practice of this Invention will comprise one of the aforementioned epoxy 
resin compositions chain extended with water miscible or water soluble polyol, reacted with excess amine 
and finally reacted with a fatty acid or aliphatic monoepoxide. These epoxy amine resin adduct compositions' 
are disclosed in U.S. Patent Nos. 4,575,523 and 4.575,524, the disclosures of which are incorporated by 
30 reference. However, epoxy-amine resin adducts produced by methods known in the art such as by the 
diketimine method, may be used in the practice of the present invention. 

The water soluble or water miscible polyols, used to optionally chain extend epoxy resins, include organic 
polyols containing at least one and preferably two aJcohol primary hydroxyls. Mixtures of organic polyols may 
be used in the practice of this invention, as well as mixtures of organic polyols and primary mono primary 
alcohols. These organic polyols will have a molecular weight of about 200 to about 3,000, more typically about 
300 to about 1,000, and preferably about 400 to about 700. 

Water miscible is defined as the ability or tendency of the polyol to mix or blend uniformly with water. By 
water soluble is meant the ability or tendency of the polyol to blend uniformly with water. 

The organic polyols which are used in the practice of this invention are those known in the art. e.g. polyols 
disclosed in U.S. Patent No. 4,104,147 which is incorporated by reference. 

The water soluble or water miscible polyols which are used to generate the modified epoxy resins of this 
invention include the aliphatic polyols, the aromatic polyols, alkylene polyols, butadiene polyols, and butadiene 
acrylonitrile polyols. 

Specified examples of the organic polyols used in the practice of this invention include Tone 200 brand 
polyol manufactured by Union Carbide Corp., Carbowax PG 300 and Carbowax PG 300 and Carbowax PG 400 
polyols manufactured by Union Carbide Corp., SynFac 8007 and SynFac 8008 brand polyols manufactured by 
Milliken Chemical Co., Spartanburg, South Carolina, and Hycar HTBN brand polyol manufactured by B F 
Goodrich Chemical Corp.. Cleveland. Ohio. A particularly preferred polyol is SynFac 8008 brand. 

The optional modification of the polyepoxide, that is, the chain extension and corresponding increase of 
molecular weight, is accomplished by mixing the organic polyol with the polyepoxide in an organic solvent 
such as toluene, methyl isolbutyl ketone, xylene, etc., and reacting these products at sufficient temperature for 
a sufficient amount of time in a conventional reactor in the presence of a catalyst to completely react the 
polyepoxide. Typically, the reaction temperature will be about 200° F to about 350° F, more typically about 
250° F to about 350° F, preferably about 260° F to about 300° F. 
55 Typically the reaction time is about 120 minutes to about 300 minutes, more typically about 160 minutes to 
about 260 minutes, preferably about 180 minutes to about 240 minutes. 

Typically about 1.5 to about 3 epoxide equivalents of polyepoxide are reacted, more typically about 2 to 
about 2.5, preferably about 2 equivalents with one equivalent of polyol. Examples of suitable catalysts include 
benzyl dimethylamine, triethylamine, triphenol phosphine, boron trifluoride, dimethylcyciohexylamlne and 
60 dimethylethanolamine or any Lewis acid. 

The polyamlnes used in the practice of this invention are typical of those known in the art such as the 
polyamines disclosed in U.S. Patent No. 4,139,510, which is incorporated by reference. 

The polyamines which are reacted with the polyepoxide resins in this invention contain at least 2 amine 
nitrogen atoms per molecule, at least 3 amine hydrogen atoms per molecule and no other groups which are 
65 reactive with epoxide groups. These polyamines can be aliphatic, cycloaliphatic or aromatic and contain at 
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least 2 carbon atoms per molecule. Useful polyamines contain about 2 to about 6 amine nitrogen atoms per 
molecule, 3 to about 8 amine hydrogen atoms and 2 to about 20 carbon atoms. Examples of such amines are 
the alkylene polyamines. ethylene diamine, 1 ^-propylene diamine, 1 ,3-propylene diamine, 1,2-butylene 
diamine, 1,3-butylene diamine. 1,4-butylene diamine, 1,5-pentylene diamine, 1,6-hexylene diamine, o,m and 
p-phenylene diamine 4,4'-methyIene dianiline, menthane diamine, 1,4-diaminocyclohexane, methyl-aminopro- 5 
pylamine. and the like. Preferred amines for use in this invention are alkylene polyamines of the formula: 

H 2 NR (NR) n NH 2 

i ■ , 

H 

wherein n is an integer of 0 to 4 and R is an alkylene group containing 2 to 4 carbon atoms. Examples of such 
alkylene polyamines are ethylene diamine, diethylene triamine, triethylene tetramine, tetraethylene pentamine, 15 
pentaethytene hexamine, dipropylene triamine, tributyiene tetramine and the like. Mixtures of amines can also 
be used. The more preferred amines are the ethylene polyamines with the most preferred being triethylene 
tetramine, tetraethylene pentamine, and diethylene triamine. 

Sufficient quantities of polyamine are reacted with sufficient quantities of modified polyepoxide resin so that 
the adduct formed contains about 1 mole of adducted polyamine molecule for each epoxide equivalent 20 
originally present in polyepoxide resin. The adducting reaction typically requires about 1.5 to about 15.0 moles 
of polyamine. i.e.. an excess, for each epoxide equivalent of the polyepoxide resin, more typically about 2.0 
moles to about 12.0 moles, and preferably about 3.0 moles to about 10.0 moles. Since excess polyamine is 
used, the excess unreacted polyamine must be removed by distillation after reaction to prevent gellation of the 
reaction product. 25 

In preparing the modified epoxy-polyamine compositions sufficient quantities of polyamine are reacted with 
sufficient quantities of modified polyepoxide resin in a conventional reactor vessel for a sufficient period of 
time at a sufficient temperature to react all of the epoxide groups. Typically, the reaction temperature will be 
about 75° F to about 220° F, more typically about 80° F to about 190°F, and preferably about 140°F to about 
180°F. The reaction time is typically about five minutes to about 60 minutes, more typically about ten minutes 30 
to about 40 minutes, and preferably about 25 minutes to about 30 minutes. When the adducting reaction is 
complete, the unreacted or excess polyamine is removed by distillation with sufficient vacuum and at a 
sufficient temperature to remove the excess polyamine. Typical distillation temperatures are about 275° F to 
about 500° F, more typically 320° F to about 475° F and perferably about 425° F to about 450° F. Typical vacuums 
are about 60 mmHg to about 76 mmHg, typically about 65 mmHg to about 76 mmHg and preferably about 74 35 
mmHg to about 76 mmHg. 

Fatty acids which can be used, to optionally modify the epoxy resins used in the practice of this invention, 
are monocarboxylic acids containing about 4 to 22 carbon atoms. The fatty acids may be saturated or 
unsaturated. The fatty acids are typically of those known in the art. Examples of such acids are caprylic acid, 
capric acid, stearic acid, benzoic acid, oleic acid, linoleic acid, linolenic acid and lauric acid. Such acids can be 40 
those derived from naturally occurring oils and which are named from the oil from which it is derived, e.g., 
linseed fatty acids, soya fatty acids, cottonseed fatty acids, cocoanut fatty acid and the like. A particularly 
preferred fatty acid is pelargonic acid. 

The monoepoxides which can be used to optionally modify the epoxy resins used in the practice of this 
invention contain one 1,2-epoxide group per molecule. The monoepoxides used in the practice of this 45 
invention are typical of those known in the art such as the monoepoxides disclosed in U.S. Patent 
No. 4,139,510 which is incorporated by reference. 

Examples of monoepoxides are epoxidized hydrocarbons, epoxidized unsaturated fatty esters, monoglyci- 
dyl ethers of aliphatic alcohols and monoglycidyl esters of aliphatic alcohols and monoglycidyl esters of 
monocarboxylic acids. Examples of such monoepoxides are: epoxidized unsaturated hydrocarbons which 50 
contain 6 to about 24 carbon atoms, e.g., octylene oxide; decylene oxide, dodecylene oxide and nonadecylene 
oxide, epoxidized monoalcohol esters of unsaturated fatty acids wherein the fatty acids contain about 8 to 
about 18 carbon atoms and the alcohol contains 1 to 6 carbon atoms, e.g., epoxidized methyl oleate, 
epoxidized n-butyl oleate, epoxidized methyl palmitoleale, epoxidized ethyl linoleate and the like; monoglycidyl 
ethers of monohydric alcohols which contain 8 to 20 carbon atoms, e.g., octyl glycidyl ether, decyl glycidyl 55 
ether, dodecyl glycidyl ether, tetradecyl glycidyl ether, hexadecyl glycidyl ether and octadecyl glycidyl ether; 
monoglycidyl esters of monocarboxylic acids which contain 8 to 20 carbon atoms, e.g., the glycidyl ester of 
caprylic acid, the glycidyl ester of capric acid, the glycidyl ester of lauric acid, the glycidyl ester of stearic acid, 
the glycidyl ester of arachidic acid and the glycidyl esters of alpha, alpha-dialkyl monocarboxylic acids 
described in U.S. Patent No. 3,178,454 which Is Incorporated by reference. Examples of such glycidyl esters 60 
are those derived from about 9 to about 19 carbon atoms, particularly Versatic 91 1 Acid, a product of Shell Oil 
Company, which acid contains 9 to 11 carbon atoms. 

The monoepoxides or fatty acids are optionally reacted with the modified epoxy-polyamine adducts of this 
invention to improve the electrical insulating properties of the deposited electrodepositable resin 
compositions of this invention. In addition, these components improve the properties of the deposited coating 65 
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such as flexibility, corrosion resistance, and hardness. 

Sufficient quantities of modified epoxy-polyamine adducts are mixed with sufficient quantities of fatty acid or 
monoepoxide in an organic solvent such as xylene, or toluene in a conventional reactor vessel for a sufficient 
period of time at a sufficient temperature to complete the reaction. Typically about one mole of modified 

5 epoxy-polyamlne adduct is reacted with the following amounts of fatty acid or monoepoxide. 

When fatty acid is the reactant. typically about 0.5 moles to about 2.75 moles of fatty acid are reacted vvnth 
the adduct, more typically about 1 mole to about 2.25 moles, and preferably about 1 mole to about 2 moles. The 
reaction temperature is typically about 300°F to about 400°F, more typically about 325°F to about 390 F, and 
preferably about 350° F to about 375° F; the reaction time is about 60 minutes to about 180 minutes, more 

10 typically about 60 minutes to about 140 minutes and preferably about 120 minutes, or until the acid value is 
reduced to below about 6. . . _ 

When monoepoxide is the reactant, typically about 0.5 mole to about about 2.25 moles of monoepoxide are 
reacted with the adduct. more typically about 1 mole to about 2.25 moles, preferable about aboirt 2 

moles. The reaction temperature is typically about 150" F to about 300° F, more typically about 1» F to ab out 

15 280° F and preferable about 150° F to about 250° F; reaction times are typically about 60 minutes to about 180 
minutes, more typically about 60 minutes to about 150 minutes, and preferably about 60 minutes to about 100 

""sufficient quantities of blocked polyisocyanate are incorporated into the electrodeposltable coating 
compositions of this invention such that the deposited coating will be completely cured upon baking and there 

20 will be no free isocyanate groups remaining. 

Typically, about 20 wt.o/o to about 80 wt o/o of blocked polyisocyanate is incorporated based upon the total 
weight of amine containing-epoxide resin composition and cross-linking agent, more typically about 30 wt o/o 
to about 70 wt o/o, preferably about 35 wt o/o to about 45 wt o/o. , o . . 

The blocked polyisocyanates of this invention are mixed with the epoxy resin compositions, preferably the 
optionally modified epoxy-polyamine-fatty acid or epoxy-polyamine-monoepoxide reaction products, by 
adding the blocked polyisocyanates to a reactor containing the epoxy-amine resin adduct composition and 
mixing the charge for about one-half hour. _ „ r .,„ t 

In order to solubilize an amine-epoxy resin adduct composition, it is necessary to-salt the reaction product 
with a water soluble acid. The acids which can be used include those known in the art such as formic acid- 
acetic acid, phosphoric acid, tactic acid, hydrochloric acid, etc. Sufficient quantities of the acid are mixed with 
said amine-epoxy resin adduct compositions to solubilize or disperse the resin in water. One method in which 
the salting process is accomplished is by charging the amine-containing epoxy resin composition, an acid, 
cosolvents. water and surfactants conventional in the art into a reactor vessel, and mixing the reactor charge 
with a slow speed mixer until the reaction has been completed. In a preferred method, acid water, etc. are 
35 initially added to a reactor vessel, then the resin is charged while the reactants are mixed with a slow speed 
mixer Typically, the reaction temperature is about 25°F to about 15°F, more typically about 100 F to about 
140° F. and preferably about 120°F. The reaction will be typically run for about 15 minutes to about 90 minutes, 
more typically about 25 minutes to about 80 minutes, and preferably 60 minutes. 

Typically, about 0.1 Meq to about 0.8 Meq of acid is used per gram of solid resin, more typically about 0.2 
40 Meq to about 0.7 Meq, and preferably about 0.2 Meq to about 0.5 Meq. 

Although the amine-epoxy resin adduct and the urethane resin adduct dispersion can be blended separately 
into the coating bath at a coating site, it is preferable to blend the epoxy-amine resin adduct with the urethane 
resin adduct dispersion to form a blend which is used as a principal emulsion. The principal emulsion is then 
directly incorporated into the coating bath. Typically a principal emulsion of the present invention comprises 
45 about 40 0 wt. o/ 0 to about 65.0 wt. o/o of amine-epoxy resin adduct, more typically about 55.0 wt. o/o to about 
62 0 wt o/b and preferably about 59.0 wt. o/o. Sufficient quantities of the polyurethane resin adduct disperion is 
incorporated Into the principal emulsions and coating baths of the present invention to produce cured films 
having improved chip resistance, flexibility and impact resistance. The principal emulsion will typically 
comprise about 5.0 wt. o/o to about 35.0 wt. o/o of the polyurethane resin dispersion, more typically about 7.0 
50 wt o/o to about 30.0 wt. o/o, and preferably about 10.0 wt. o/ 0 to about 28.0 wt. o/ 0 . 

The concentration of the polyurethane resin adduct dispersion in an aqueous coating bath will typical^ be 
about 3.0 wt. o/o to about 30.0 wt. o/o, more typically about 5.0 wt. o/o to about 23.0 wt. o/o, and preferably about 
7.0 wt. o/o to about 15.0 wt. o/o. % 

The concentration of amine-epoxy resin adduct In an aqueous coating bath is typically about 30^0 wt. o/ 0 to 
55 about 50.0 wt. o/o, more typically about 35.0 wt o/o to about 45.0 wt. o/o and preferably about 40.0 wt. o/o. 

Electrodeposltable cathodic coating compositions of this invention are used In an electrodeposition 
process as an aqueous dispersion. Sufficient quantities of the resin composition are used depending upon the 
particular application parameters so that the concentration of the resin composition in an aqueous bath will 
produce a coating on an article of sufficient thickness so that upon baking, the coating will have desired 
60 characteristics such as a smooth surface. Typically, the coating bath concentration of the resin compositions 
of this invention are about 15.0 wt.o/o to about 28.0 wt. o/ 0l and preferably about 20.0 wt. o/o to about 22.0 wt. o/ 0 . 

it should be noted that the cathodic electrodeposltable resins are typically shipped by the manufacturer to 
the user as a salted aqueous dispersion having a concentration of about 20 wt.o/o to about 36 wt.o/o of sohds^ 
The cathodic electrodeposltable coating baths of this invention are typically formed by mixing the solubilized 
65 (i e salted) cathodic electrodeposltable resin compositions of this invention in concentrate form with water, 
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S US6 h n the practice of this invention are those typically used and known .n the art. 
SS« i ot such coupTng solvents include ethylene giycoi monomethyl ether, ethylene giyco monoethyl 

minutes to about 30 minutes. 
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It is contemplated that the coated articles of the present invention may also be cured by using radiation 
vapor curing, contact with heat transfer fluids, and equivalent methods. 

The smoothness of the cured coating is a function of the "flow" of the deposited coating composition. Row 
is defined as the tendency of the electrodeposited coating composition to liquify during the curing operation 
5 and form a smooth cohesive film over the surface of a coated article prior to the onset cross-linking 

Typically the coated articles of this invention will comprise conductive substrates such as metal including 
steel, aluminum, copper, etc., however, any conductive substrate having a conductivity similar to the 
aforementioned metals may be used. The articles to be coated may comprise any shape so long as all surfaces 
can be wetted by the electrodeposition bath. The characteristics of the article to be coated which have an 
10 effect on the coating include the shape of the article, the capacity of the surfaces to be wetted by the coating 
solution, and the degree of shielding from the anode. Shielding is defined as the degree of interference with 
the electromotive field produced between the cathode and the anode, thereby preventing the coating 
composition from being deposited in those shielded areas. A measure of the ability of the coating bath to coat 
remote areas of the object is throwpower. Throwpower is a function of the electrical configuration of the anode 
IS and cathode as well as the conductivity of the electrodeposition bath. 

The coatings of the coated articles of this invention exhibit superior smoothness, gloss, flexibility durability 
and resistance to corrosion. Smoothness and gloss are related to the flow of the electrodeposited cathodic 
resin. Durability, flexibility and resistance to corrosion are related to the chemical nature of the 
electrodeposited cathodic resin composition as well as the smoothness of the deposited coating These 
20 coating compositions readily accept an automotive primer overcoat. 

It should be noted that the articles which are coated by the coating compositions of this invention are 
typically automobile bodies which have been pretreated to remove impurities and contaminants in a 
phosphatizing bath, however, the coating compositions may be used to coat virtually any object comprisino a 
conductive substrate. ^ a 
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25 The following example is illustrative of the principles and practice of this invention, although not limited 
thereto. Parts and percentages where used are parts and percentages by weight. 

EXAMPLE 

A. The following components were charged into a suitable reactor vessel : 
30 879 parts of Epon 828 having an epoxy equivalent weight of 1 88 ; 

263 parts of Bisphenol A; and 

323 parts of ethoxylated Bisphenol A having a hydroxy equivalent weight of 230 (Synfac 8009 from 
Milliken Chemical Co.). 

The charge was heated to 100°C under a dry nitrogen blanket and one part benzyl dimethyl amine was 
added to the reactor vessel. The reaction mixture was further heated to 130°C until the desired WPE 
(weight per epoxy) was achieved, then 598 parts of toluene were added to the reactor to dilute the 
resulting adduct A. 

B. A conventional reactor equipped with an agitator, thermometer, nitrogen line and a condenser was 
charged with 1260 parts of diethylene triamine. The diethylene triamine was slowly heated to 140°F Then 
2063 parts of the adduct A were slowly added to the reactor during a one-hour time period. After the 
adduct A was completely charged, the mixture was heated to 180°F and held for one hour. Next, the 
excess amine in the reactor mixture was vacuum distilled, condensed and removed by applying a vacuum 
of 75 mmHg and slowly raising the temperature of the reactor charge to 550° F over a 2.5 hour time period. 
The mixture was held at this temperature until no more distillate was coming out. The temperature was 
then lowered to 360° F and 193 parts of Pelargonic acid along with 50 parts of xylene were added to the 
reactor. The resulting mixture was heated to 360° F and held at reflux until the acid value was down to 6 
Then the reaction mixture was cooled down to ambient temperature and reduced to 65°/o NV with methvl 
isobutyl ketone. 7 

C. The cross-linker was prepared by slowly charging 870 parts of trimethylopropane into a reactor 
vessel containing 3387 parts of an 80/20 isomer mixture of 2.4/2.6-toluene diisocyanate, 1469 parts of 
methyl isobutyl ketone, and 2 parts of dibutyl tin dilaurate under agitation with a nitrogen blanket The 
reaction was maintained at a temperature below 110°F. The charge was held an additional one and 
one-half hours at 110° F and then heated to 140° F t at which time 2026 parts of ethylene glycol monopropyl 
ether were added. The charge was maintained at 210°F to 220°F for one and one-half hours until 
essentially all of the isocyanate moiety was consumed as indicated by infrared scan. The batch was then 
thinned with 21 16 parts of methyl isobutyl ketone. 

D. The adduct D and the adduct E are the two intermediates for the grinding vehicle. The adduct D was 
prepared by charging ethylene glycol monopropyl ether to 2.4-toIuene diisocyanate under agitation with a 
dry nitrogen blanket. The reaction was maintained at a temperature below 100°F. The charge was held an 

60 additional one and one-half hours. 

E. To 455 parts of Triton X-102 (an alkylaryl polyether alcohol manufactured by Rohm and Hass Co 
Philadelphia, PA) and 51 parts of methyl isobutyl ketone previously azeotroped to remove water 109 parts 
of 2,4-toluene diisocyanate were added. The reaction was maintained at 115°F for two hours. To this 
product, 56 parts of dimethyl ethanol amine was charged, and the reaction was maintained at 160°F for 

65 one hour. Finally. 50 parts of ethylene glycol monobutyl ether, 75 parts of lactic acid, and 89 parts of 
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deionlzedwaterwereadded.Thereactionwasheldat190°Fforonehour. 

F. The grinding vehicle was prepared by charging 88 parts of the adduct D to « react.cn vessel 
containing 206 parts of EFON 1002F (WPE-650. manufactured by Shell Chemical Co Houston, TX) and 
39 parts of isobutyl methyl ketone. The reaction temperature was maintained at 250 F for one hour .Then, 
186 parts of ethylene glycol monobutyl ether and 381 parts of adduct E were added. The batch was 

m T t nfam 1 ent%ste O wM U pre 0 pa r rad by grinding 203 parts of the grinding vehicle F. 17 parts of ethyl glycol 
m onobXX 

lead silicate. 6 parts of dibutyi tin oxide in a steel ball mill to 12 microns. Then. 66 parts of add.t.onal 

d TlUB^c flow agenl'was prepared by charging 44 parts of butyl acrylate 15 parts of hydroxyethyl 
acrvlate 15 parts of dimethylaminoethyl methacrylate, 2 parts of styrene. 1 part of octy^ mercaptan 4 parts 
of VAZO 67 and 3 parts of acetone to a refluxing mixture of 13 parts of methyl iso^butyl ketone and 2 parts 
of acetone over a four-hour period. After fifteen minutes holding penod. 0.14 parts of VAZO 67 and 1 part 
of meS!sobutyl ketone were added. The batch was maintained at the refluxing temperature fcranother 

h0 rThe aqueous polyurethane dispersion was prepared by charging a reactor vessel with 177.7 parts of a 
poUsfer-oiol (prepared from dimer acids, neopentyl glycol, and 1 .4-cyclohexane c'methanol .n 
respective molar ratio of 2.0/1.95/1.05). 0.9 parts of neopentyl glycol. 34.2 parts cf N-methyl d.ethano 
amine and 53.6 parts of 2-butanone. A solution of isophorone diisocyanate. 108.4 parts, in 53.6 parts of 
2-butanone was added and the mixture was heated, under a nitrogen atmosphere, to reflux temperatures 
(190°F). The reaction mixture was held at 190»F for a two hour period at wh.ch po.nt an assay of 0455 
milliequivalents of NCO per gram of reaction mixture was obtained. The m,xture was al owed to ooolto 
155° F and 28 7 parts of trimethylol propane were added. The mixture was reheated to 190 F. After two 
hours, 0.4 parts of dibutyltin dilaurate were added and the reaction was continued unfll an assay -for free 
NCO was negative. A solution of 17.2 parts of glacial acetic acid in 200 parts of water was added followed 
bv 450 parts of additional water. Volatlles were then removed by azeotropic d.st.llatlon to a batch 
temperature of 212° F. The entrained water was replaced by fresh water to grve a stable aqueous 
dispersion of 33.6<>/b nonvolatiles, having apH of 6.0 and a Brookfleld vscos.ty of *0polses at 77 F 

J A principal emulsion was prepared by adding 324 parts of B. 163 parts of C. 10 parts of H. and ^8 parts 
of oroDvlene glycol monophenyl ether to 140 part of deionized water and 3.7 parts of acet.c acid under 
high ^agitat?on 9 fo^r one hour P An additional 255 parts of deionized water was added. After agitation for three 
days, organic solvents were driven off. 

K. Three cathodic electrodeposition baths were made by blending the components as listed in the 



table. 



TABLE 



Component System I System II System III 

Deionized Water 390,15 390.15 390.15 

Acetic Acid: 0.25 0.25 0..25 

Principal Emulsion J 309.31 274.31 239.76 

Polyurethane Dispersion I 34.77 69.77* 104.32 

Pigment Paste G 65.52 65.52 65.52 
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The baths had a pigment to binder ratio (P/B) equal to about 20/100. The P*™*™™^^ & 
was about 20<>/o. The pH of each bath was maintained at about 6.53 and the conductivity of the baths was 

panels were coated in each bath at a coating voltage of » Ivolts 2 
minutes The film thickness deposited on the panels ranged from about 1.2 to about 1.4 mils. The coated 
Danels were baked at 300° F for about 25 minutes to produce smooth, cured films so 
P ^e test panels were tested for reverse impact, conical mandrel paint loss on bend and Crosshatch 

^e reverse impact testing was conducted using a conventional Gardner Impact Tester ins- 
instrument comprised a steel tube and a vertically movable steel rod Impact weight having a 5/8 hardened 
steeTround-nosed punch. The weight is guided by the steel tube. A removable punch die and a punch holder ^ 
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were located underneath the weight. The impact range of the tester is 0 to 160 inch-pounds using a 4 pound 
weight dropped from a pre-selected height. The coated side of each test pane! was mounted face down over a 
S/a~ hole in the base plate. The weight was raised by lifting a pin which extended from the rod through the slot 
in the tube. The weight was then dropped from the particular heights required to give impacts of 80 
inch-pounds and 160 inch-pounds. The test panels were examined after impact for flaking and crackinq of 
paint. ~ 

The conical mandrel paint loss on bend testing was conducted using a Conical Mandrel test instrument The 
following test procedure was used. The operating lever of the instrument was placed in a horizontal position. 
Each coated test panel was placed between a mandrel and drawbox in the instrument and clamped in a verticaJ 
position adjacent to the mandrel by placing the long edge of the panel behind a clamping bar in such a manner 
that the panel was always set up to the narrow edge of the mandrel. Then the lever was rotatably moved 
through an arc of about 180° at a uniform angular velocity to bend the panel about 135° in about 15 seconds. 
The bent surface of the panel was examined for cracking and lifting of the coating. 

The Crosshatch adhesion test was conducted using a Gard Co.© Paint Adhesion test instrument 
manufactured by Gardner Company. The following test procedure was used. The test instrument had knife 
edges which were pulled downward over the coated surface of each test panel, scratching the coating from 
top to bottom. A second crosswise cut at a 90° angle produced a grid of about 100 square sections in the 
coating. The panel surface was brushed to remove any detached flakes on ribbons of coating. A three inch 
long length of tape was placed over the center of the grid (with one free end) and smoothed using finger 
pressure to insure good tape to coating contact. The free end was then gripped and rapidiy removed by pulling 
at a 180° angle. The grid was then inspected for coating removal. 

The results of the testing are presented in the table. 
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Reverse Impact 



Conical Mandrel 
Paint Loss 
On Bend 



^Crosshatch 





80 in-lbs 


160 in-lbs 


( inches) 


Adhesion 


System I 


60% loss 


75% loss 


1 1/8 


Excellent 


System II 


5% loss 


40% loss 


7/8 


Excellent 


System III 


52% loss 


64% loss 


V2 


Excellent 


Std 


100% loss 


100% loss 


total loss 


Failed 


*Crosshatch 


adhesion all 


noted before 


and after 96 


hr. 
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* ~" «- «a wunvencionai numiaii 

chamber such as a Harshaw Humidity Cabinet manufactured by 
Harshaw Chemical Company/ Cleveland , Ohio 44100 at 100°P and 
100% humidity. 
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The coatings had good salt spray resistance as measured by ASTM Test Method No. D3170, the disclosure 
of which is incorporated by reference. The test was conducted by scribing the center of each coated panel and 
spraying the panels with a 5.0 wt. o/ 0 aqueous sait solution at 40 psig pressure and 100°F. The spraying was 
conducted in an enclosed box for 672 hours. Creepage of the coating around the scribed line was observed as 
a measure of salt spray resistance. 

The coatings had a good gravel rating as measured by ASTM Test Method No. D3170 and S.A.E. Test 
Method No. J400. The test panels were mounted in a conventional graveiometer such as a Q.G R 
Gravelometer manufactured by Q-Panel Corporation, Cleveland, Ohio 44135. The gravel used was 3/8" to 5/8" 
graded gravel. The test was run at 70 psig. The coated panels were observed to have little or no chipping 
corresponding to good gravel ratings of 6 or better. 

The test results demonstrated markedly improved coating retention versus a standard in the reverse impact 
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testing indicating improved flexibility. 

The conicai mandrel paint loss on bend test indicated that the coatings had improved flexibility. 

The Crosshatch adhesion tests indicated that the coating baths containing polyurethane dispersions 
produced coatings having superior Crosshatch adhesion. 

The cathodic electrodepositable resin compositions of the present invention comprising an amine, 5 
epoxy-resin adduct in admixture with a polyurethane resin adduct dispersion surprisingly and unexpectedly 
result in cured, electrodeposited coating compositions having excellent corrosion resistance while having 
excellent resistance to chipping and separation from a conductive substrate. The cathodic electrodepositable 
resin compositions of the present invention provide enhanced protection to a substrate by reducing the 
likelihood of chipping or film separation. 10 

Although this invention has been shown and described with respect to the detailed embodiments thereof, it 
will be understood by those skilled in the art that various changes in form and detail thereof may be made 
without departing from the spirit and scope of the claimed invention. 



Claims 
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1. A cathodic electrodepositable resin composition comprising an amine-epoxy resin adduct and, a 
urethane resin adduct, wherein the composition when mixed with a cross-linking agent and salted is 20 
curable after deposition in an aqueous coating bath to a durable, flexible, smooth, impact-resistant and 
chip-resistant film. 

2. The resin composition of Claim 1 comprising about 65.0 wt. °/o to about 95.0 wt. <>/o of an amine-epoxy 
resin adduct; and, about 5.0 wt. % to about 35.0 wt. <Yo of a polyurethane resin adduct. 

3. The resin composition of Claim 1 further comprising a crosslinking agent. 25 

4. A coated article coated with an electrodepositable catlonic coating composition, wherein the coating 
composition comprises an amine-epoxy resin adduct, a urethane resin adduct, and a cross-linking agent, 
the coated article produced by initially connecting the article to a DC electric circuit to act as a cathode, 
immersing the article in a coating bath containing the acid salted resin composition and an anode, passing 

a sufficient amount of electrical power across the article for a sufficient amount of time to produce a film of 30 
the composition on the article, and then removing the article from the bath and curing the film, wherein the 
cured film thereby produced is durable, smooth, flexible, impact-resistant and chip-resistant. 

5. The coated article of Claim 4 wherein the coating composition comprises 

about 65.0 wt. o/o to about 95.0 wt. % of an amine-epoxy resin adduct; and, 35 

about 5.0 wt. 0/0 to about 35.0 wt. 0/0 of a polyurethane resin adduct. 

6. An aqueous cathodic electrodeposition coating bath comprising an acid solubilized amine-epoxy 
resin adduct, an acid solubilized urethane resin adduct, and a cross-linking agent wherein the 
amine-epoxy resin adduct, the urethane resin adduct and the cross-linking agent, when deposited on a 40 
conductive substrate in a cathodic electrodeposition process produce a film which cures to a durable, 
hard, flexible, impact-resistant, and chip-resistant coating. 

7. The coating bath of Claim 6 comprising 

about 65.0 wt. 0/0 to about 95.0 wt. o/ 0 of amine-epoxy resin adduct; and, 45 

about 5.0 wt. 0/0 to about 35.0 wt. 0/0 of urethane resin adduct. 

8. A method of depositing by cathodic electrodeposition a salted cationic resin composition in 
admixture with a cross-linking agent* on a conductive article by forming an aqueous coating bath with the 
salted resin composition, connecting the article to a DC electrical circuit so that the article serves as a 50 
cathode, immersing the article in the coating bath, passing sufficient electrical power through the article 

so that a coating of the resin composition and cross-linking agent is deposited on the article, removing 
the article from the bath and then curing the coating, wherein the resin composition comprises an 
amine-epoxy resin adduct and a urethane adduct, thereby producing cured films characterized as 
smooth, hard, durable, flexible, impact-resistant, and chip-resistant. 55 

9. The method of Claim 8 wherein the resin composition comprises 

about 65.0 wt. 0/0 to about 95.0 wt. <Vo of amine-epoxy resin adduct; and, 

about 5.0 wt. *>/o to about 35.0 wt. 0/0 of urethane resin adduct. 60 
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